non-dioxin-like congeners (ndl-PCB). These congeners exert weak or no effect on Ah-receptors; 114 however, they interfere with intracellular signaling pathways that are regulated and modulated by Ca 2+ , 115 such as those involving ryanodine receptors, protein kinase C, inositol triphosphate or arachidonic acid, 116 and, thus, cause neurotoxicity (Simon et al., 2007 ). This paper reports (i) occurrence of PCBs in the 117 atmosphere of seven major Indian cities, (ii) evaluates potential source regions of measured PCBs using 118 two different Lagrangian transport models (HYSPLIT and FLEXPART), (iii) estimates toxicity 119 equivalents associated with inhalation exposure to PCBs. 120
Material and Methods

122
Air Samples
124
The details of the sampling protocol is the same as the active air sampling reported earlier ( diameter, Whatman, Maidstone, England), and subsequently through 6.5 cm in diameter-7.5 cm in 132 thickness (density of 0.030 g/cm 3 ) polyurethane foam (PUF) plugs using a high-volume sampler at a 133 flow rate of 0.1 m 3 /min. Prior to sampling, QFFs were baked at 450°C for 12 h to remove any organic 134 contaminants, and PUF plugs were Soxhlet extracted for 48 h with methanol and then acetone for 24 h, 135 followed by two overnight extractions using dichloromethane (DCM). PUF plugs were dried overnight 136 in a vacuum desiccator and stored in solvent-rinsed glass jars with Teflon lined lids before use. During 137 the sample collection, gloves were worn, and QFFs and PUF plugs were handled using acetone-rinsed 138 stainless steel tongs. At the end of the deployment period, the QFFs and PUFs were re-sealed in their 139 original transport containers, and returned to the laboratory where they were stored at -20ºC until 140 extraction. 141
PCB Analysis 142 143
Prior to extraction a mixture of surrogate standards (2,4,5,6-tetrachloro-m-xylene (TCmX), 144 decachlorobiphenyl (PCB209), 13 C12-PCB138 and 13 C12-PCB180 was added to each of the samples. The 145 samples were Soxhlet extracted for 18 h with DCM. Activated copper granules were added to the 146 collection flask to remove potential elemental sulfur. The extract was rotary evaporated and transferred 147 with hexane to a 15mL amber vial. This was blown down under a gentle stream of nitrogen to about 0.5 148 mL and cleaned on a 8 mm i.d. column with 6 cm alumina (BDH neutral Alumina 3% deactivated), 149 10cm of silica gel (Merck Silica 60 3% deactivated), 10 cm of 50% sulfuric acid silica and 1 cm of 150 baked sodium sulfate (all baked at 450°C overnight) and the column was eluted with 30 ml mixture of 151 50:50 hexane: DCM (v/v). The samples were reduced to a final volume of 25μl after adding 25 µl of 152 dodecane as solvent keeper and a known quantity of pentachloronitrobenzene (PCNB) and PCB-54 was 153 added as an internal standard prior to GC-MSD analysis. PCB analysis was carried out on a Finigan-154 TRACE GC-MS system with a CP-Sil 8 CB capillary column (50 m, 0.25 mm, 0.25 μm), operating 155 under single-ion monitoring (SIM) mode. Helium was used as the carrier gas at 1.2 mL/min under 156 constant-flow mode. The oven temperature began at 60 °C for 1 min and increased to 290 °C (10 min 157 hold time) at a rate of 4 °C /min. Splitless injection of a 1 μL sample was performed with a 5 min solvent 158 delay time. Injector temperature was at 250 °C. A total of 25 PCB congeners (PCB -28, -37, -44, -49, -159 52, -60, -66, -70, -74, -77, -82, -87, -99, -101,-105, -114, -118, -126, -128, -138, -158, -166, -179, -180,-160 187) were detected and quantified. 161
QA/QC 162 163
Chemical standards were purchased from Accustandard Co. US. Field and lab blanks were collected 164 and analyzed to provide an indication of the overall precision of both the sampling and laboratory 165 methods. Laboratory and field (i.e., samplers sent to/from field sites unopened) blanks consisting of 166 pre-extracted PUF disks were extracted and analyzed in the same way as the samples. 14 AAS PUF 167 (two from each city) and 7 filter field blanks (one from each city) and14 and 12 laboratory blanks were 168 used for AAS PUF and AAS filter respectively. 169
During each set of extractions, a filter field blank and a PUF plug field blank were included. Detection 170 limits were derived from the blanks and quantified as the mean plus three times the standard deviation 171 of the concentration in the blanks, based on 12 h sampling. Typically, less than 10% of the total atmospheric Σ25PCB burden was found in the particle phase ( PCB levels in the present study do not seem to have declined since 1989 and are fairly consistent with 215 elevated levels of PCBs previously measured in India (Iwata et al., 1994) . The average Σ25PCB levels 216 are broadly comparable to historical active air sample data from different cities of USA, Europe (mainly 217 1990-1992) and some urban sites of Turkey and Asian developing nations like Taiwan and China ( Table  218 1). However, it is important to note that a direct comparison of data listed in Table 1 is difficult as the 219 data reflect different sum of congeners and time periods. For example, the PCB levels in Europe 220 (Schuster et al., 2010) and USA (Sun et al., 2006) has reduced drastically in the recent years. Still, the 221 concentrations from this study are much higher when compared to the levels reported in Italy, Germany, 222
Singapore and Korea. PCBs levels in New Delhi have increased drastically since 1989 and is consistent 223 with the recent observation under GAPS study where elevated levels have been observed at New 224
Delhi (Pozo et al., 2008) . The levels in New Delhi in this study is again comparable or even occasionally 225 lower than the observed levels in more remote regions of northern India reported by a seasonal passive 226 air sampling study (Pozo et al., 2011) . 227 PCB congener profiles were compared using correlation coefficients to assess whether the sources for 228
PCBs are similar or different across sites (Supplementary data, Table S Simulations of atmospheric transport were additionally made using the Lagrangian particle dispersion 237 model FLEXPART (Stohl, 1998; Stohl et al., 2005) . FLEXPART releases so-called tracer particles at 238 emission sources and calculates their trajectories using the mean winds interpolated from the 239 meteorological input fields plus random motions representing turbulence, a deep convection scheme 240 (Emanuel et al., 1999) and atmospheric reactions by OH radicals (Eckhardt, 2009) . 241
HYSPLIT back trajectory plots gave a qualitative impression of the variability of the trajectories within 242 each cluster for all the sites. Although considerable variability within each individual cluster is evident, 243 there is ample evidence that the clustering procedure grouped the trajectories into three clearly distinct 244 cluster types. The three mean cluster types. Supplementary data, Figure S1 shows the three general air 245 mass pathways to each site in terms of direction of flow, wind speed and the preferential transport 246 The observed atmospheric levels obtained from this study cannot be rationalized on the basis of data 343 from an existing global emission inventory . Firstly, because we observed for PCB-344 28, the predicted concentrations were typically about a factor of ∼100 lower than observed air 345 concentrations of PCB-28 found in this study ( Figure 5 ). Secondly, global emissions of PCBs have been 346 predicted to decline over the last decades , which does not correspond well with 347 observations from India (Table 1) . 348
Toxic equivalency for measured PCBs 349 350
Atmospheric sources of PCBs are of interest not only because they play a role as a source of PCB 351 deposition, but also is a source of inhalation exposure. The predominant source of human exposure to 352
PCBs is the diet, but occupational exposure has received increasing attention in recent years (Harrad et As for dl-PCBs, non-ortho congener CB-126 predominantly contributed to total TEQs (>95% of the 371 total TEQs) for 3 samples each from Mumbai and New Delhi and 9 samples from Kolkata. TEQ input 372 of coplanar PCBs was mainly contributed by PCB congeners CB-77, -105, -118, -156, and to a lesser 373 extent CB-126 (Alcock et al., 1998) . PCB-126 in the above samples from these three cities could be a 374 summated influence of the domestic burning of coal and wood (Lohmann et al., 2000) for residential 375 cooking and heating and combustion of the solid waste (Oliver et al., 1988; Lohmann et al., 2000) . The 376 trend in total daily intake (TDI) levels (assuming respiration rates of 22 m 3 day -1 for an adult) is identical 377 (Supporting Information Table 4 ). TDI levels were slightly higher than WHO's limit of exposure to dl-378 
